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METHOD AND APPARATUS FOR ASSESSING PERFORMANCE OF 
COMBINED CYCLE POWER-PLANTS 

FIELD OF THE INVENTION 

[0001] This invention relates to coinbined cycle power 
plants. More particularly, it relates to a method and 
apparatus for assessing the thermal performance of 
individual components of a combined cycle power plant and 
determining the performance impact of each component on 
the overall thermal performance of the power plant. 

BACKGROUND OF THE INVENTION 

[0002] Combined cycle power plants utilize gas 
turbines as prime movers to generate power. Gas turbine 
engines operate on the Brayton Cycle thermodynamic 
principle and typically have high exhaust flows and 
relatively high exhaust temperatures. Exhaust gases, when 
directed into a heat recovery boiler (typically referred 
to as a heat recovery steam generator or HRSG) , produce 
steam that can be used to generate more power by, for 
example, directing the steam to a steam turbine. 

[0003] During early phases of power plant design, an 
engineer typically designs a thermal model of each major 
component of the power plant. For example, a thermal 
model of each of a gas turbine, steam turbine, HRSG, 
condenser, etc., may be built. In addition to designing a 
thermal model for each of the individual components, an 
overall thermal model combining individual thermal models 
may also be designed. This overall thermal model is 
designed to capture the interaction between the 
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individual component models. It may also be used as a 
basis for thermal performance guarantees at a reference 
set of boundary conditions. 

[0004] Demonstration of power plant performance is 
typically accomplished by conducting a performance test. 
As testing conditions are not likely to be identical to 
reference boundary conditions or conditions at 
performance guarantee conditions, results obtained at 
test conditions may have to be corrected to provide a 
true representation of the plant performance at the 
reference boundary conditions. 

[0005] In one approach, test results are corrected 
using a set of curves generated by executing the overall 
plant thermal model and varying the boundary conditions 
one at a time. In the event of a performance shortfall, 
this approach may provide fairly accurate values for 
corrected power plant performance- This approach, 
however, provides no indication as to which component (s) 
of the power-plant is responsible for the performance 
shortfall . 

[0006] In another approach, tools for providing 
diagnostic information on individual power-plant 
components may be used. However, these tools fail to 
address the need for diagnosing the overall performance 
of the combined cycle power plant . 

[0007] Thus, there is a need to overcome the above- 
identified problems. 
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SUMMARY OF THE INVENTION 

[0008] A system and a method for determining the 
performance impact of individual power plant components 
on the overall thermal performance of the power plant by 
assessing the thermal performance of individual 
components of the power plant . 

[0009] Specifically, a plant thermal model is used to 
itemize the performance of individual 

equipment/components of a power plant. A thermal model of 
the power plant is initially designed from original 
power-plant specification documents. A second thermal 
model is then developed using measured performance data 
of individual components of the power plant built in 
accordance with requirements set forth in the original 
power-plant specification documents. The performance 
impact of each component of the power plant on the 
overall thermal performance of the power plant is then 
determined by substituting the design thermal performance 
data of each component with its measured thermal 
performance data. In this manner, the impact on the 
overall thermal performance of the power plant is 
determined by assessing the thermal performance of 
individual power plant components . 

[0010] In one aspect, the present invention provides a 
method of determining performance impact of individual 
components of a power plant on overall thermal 
performance of the power plant, the method comprising (a) 
designing a first thermal model of the power plant using 
original specification data of the power-plant; (b) 
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developing a second thermal model of the power plant from 
measured performance data of each component of the power- 
plant; (c) determining the performance impact of a 
selected component of the power-plant on the overall 
thermal performance of the power-plant by substituting 
design performance data of the selected component in the 
first thermal model with its measured performance data. 
Step (c) is repeated until the performance impact of each 
component of the power plant on the overall thermal 
performance of the power plant is determined. The method 
further comprises displaying the performance impact of 
each component on the overall thermal performance of the 
power plant. The step of designing a first power plant 
thermal model further comprises i) receiving original 
specification data in a computer system; and ii) 
processing the specification data to design the first 
thermal model . The step further includes the step of 
developing a second model including i) measuring 
performance data of each component of the power-plant 
using a data acquisition computer; ii) storing measured 
performance data in the data acquisition computer; iii) 
receiving the measured performance data from the data 
acquisition computer in a processor system; and iv) 
processing data received in the processor system to 
design the second thermal model . 

[0011] In another aspect, an apparatus for determining 
performance impact of individual components of a power 
plant on overall thermal performance of the power plant, 
comprises means for designing a first thermal model of 
the power plant using original- specification data of the 
power plant, means for developing a second thermal model 
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of the power plant from measured performance data of each 
component of the power plant and means for determining 
the performance impact of a selected component of the 
power plant on the overall thermal performance of the 
power plant by substituting design performance data of 
the selected component in the first thermal model with 
its measured performance data. The apparatus further 
comprises means for repeating the determining step until 
the performance impact of each component of the power 
plant on the overall thermal performance of the power 
plant is determined, and means for displaying the 
performance impact of each component of the power plant 
on the overall thermal performance of the power plant. 
The apparatus also includes a means for receiving 
original specification data, means for processing the 
specification data to design the first thermal model. The 
means for developing the second thermal model further 
comprises means for measuring the performance of each 
component of the power plant and means for storing 
measured performance data. The apparatus further 
comprises means for receiving the measured performance 
data and means for processing received data to design the 
second thermal model . 

[0012] In a further aspect, a computer program product 
comprising a computer useable medium having computer 
program logic stored thereon for enabling a processor in 
a computer system to process data, the computer program 
product comprises means for designing a first model using 
original specification data of a power plant, means for 
developing a second model from measured performance data 
of each component of the power plant, and means for 
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determining the performance impact of a selected 
component of the power plant on the overall thermal 
performance of the power plant by substituting design 
performance data of the selected component in the first 
model with its measured performance data. The computer 
program product further comprising means for repeating 
the determining step until the performance impact of each 
component of the power-plant on the overall thermal 
performance of the power-plant is determined, means for 
displaying the performance impact of each component of 
the power plant on the overall thermal performance of the 
power plant, means for receiving original specification 
data, means for processing the specification data to 
design the first model, means for measuring the 
performance of each component of the power plant, means 
for storing measured performance data, means for 
receiving the stored measured performance data, and means 
for processing received data to design the second model . 

[0013] In yet another aspect, a computer-based method 
for providing assistance to a user of an application 
program for assessing the performance impact of 
individual components of a power plant on overall thermal 
performance of the power-plant, the method comprising the 
steps of (a) using the application program to design a 
plant thermal model from original power-plant 
specification data, (b) using the application program to 
design a matched thermal plant model from measured 
performance data of individual components of the power- 
plant, (c) substituting design performance data of a 
selected component of the power plant in the plant 
thermal model with corresponding measured performance 
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data and (d) repeating step (c) for each component of the 
power plant . 

[0014] In a further aspect, a computer- readable medium 
having computer-executable instructions for performing 
the steps of (a) designing a first thermal model of the 
power plant using original specification data of the 
power plant; (b) developing a second thermal model of the 
power plant from measured performance data of each 
component of the power plant; and (c) determining the 
perfoirmance impact of a selected component of the power 
plant on the overall thermal performance of the power 
plant by substituting design performance data of the 
selected component in the first thermal model with its 
measured performance data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIGURE 1 is a schematic illustration of a 

typical combined cycle power plant with power plant 

components physically laid out in compliance with 
original specification documents; 

[0016] FIGURE 2 illustrates an apparatus for assessing 
the thermal performance of individual components of the 
power plant, as shown in FIGURE 1, in accordance with an 
exemplary embodiment of the present invention; 

[0017] FIGURE 3 illustrates schematically a thermal 
model of a power plant and a comparison of measured 
thermal performance data of each component with 
respective ideal thermal performance values, the thermal 
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model being designed from measured thermal performance 
data of a power plant as in FIGURE 1; 

[0018] FIGURE 4 illustrates schematically a thermal 
model of a power plant as shown in FIGURE 1 but designed 
on a computer using original specification documents of 
the power plant in accordance with an exemplary 
embodiment of the present invention; 

[0019] FIGURE 5 illustrates a schematic for 
incrementally reducing the performance of the entire 
power plant to each of its individual components; 

[0020] FIGURE 6 illustrates a computer system for 
designing power-plant models as shown in FIGURE 3 and 
FIGURE 4; 

[0021] FIGURE 7 is an exemplary high level flowchart 
illustrating process steps involved in determining the 
performance impact of individual components of a power 
plant on the overall thermal performance of the power 
plant in accordance with an exemplary embodiment of the 
present invention; and 

[0022] FIGURE 8 is a detailed flowchart corresponding 
to the flowchart shown in FIGURE 7 . 

[0023] The benefits of the present invention will 
become apparent to those skilled in the art from the 
following detailed description, wherein a preferred 
embodiment of the invention is shown and described. 
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simply by way of illustration of the best mode 
contemplated of carrying out the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] FIGURE 1 shows a typical combined cycle power 
plant 100 with power plant components physically laid out 
in compliance with original specification documents of 
the power plant. The power plant 100 typically includes 
such exemplary components as a steam turbine 102, a 
condenser 104, a cooling tower 106, a gas turbine 108, 
and a heat recovery steam generator or HRSG 110. The 
operational details of each of these components are 
generally known and are therefore not described herein. 

[0025] FIGURE 2 shows the power plant 100 of Figure 1 
as being communicatively coupled via communication link 
202 to a data acquisition computer system ("DAC System") 
200 for assessing the thermal performance of individual 
components of the power plant in accordance with an 
exemplary embodiment of the present invention. The 
communication link 2 02 may be any conventional wired or 
wireless link. The DAC system 2 00 may be located within 
close proximity to power plant 100 or remotely therefrom. 
Thermal performance data of individual power plant 
components 102, 104, 106, 108 and 110, measured by the 
DAC system, are used to develop a thermal model that is 
matched to performance test data of the power plant. For 
example, measurements for compressor pressure, combustion 
temperature, etc. may be made in order to determine the 
thermal performance of the steam turbine 102. Various 
sensors (not shown) may be located on each of the power 
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plant components for gathering data related to the 
respective power plant components and forwarding the 
gathered data via the wireless link 2 02 to the DAC system 
for processing the same. Likewise, other criteria 
relevant to the determination of thermal performance of 
other components may be measured by the DAC system 200. 

[0026] FIGURE 3 illustrates schematically a thermal 
model 300 of the power plant 100 and a chart comparing 
thermal performance of various components and respective 
component parts of the power plant with corresponding 
ideal thermal performance values. The thermal model 300 
is designed from measured thermal performance data of an 
operating power plant 100 (Figure 1) . The steam turbine 
102 is shown to include a compressor 301, a combustor 
302, and a turbine 303, and the thermal performance of 
each, of the compressor, combustor, and turbine parts, 
respectively, is measured and compared with respective 
ideal theirmal performance values. For example, if the 
ideal thermal performance for respective components is 
represented by a horizontal line 310, measured thermal 
performance of compressor 301 (identified at 312) is at 
about -1% compared to its ideal thermal performance 
(identified at 310) . The measured thermal performance 
identified by 314 of combustor 302 is at about +0.5% 
compared to its corresponding ideal thermal performance 
at 310. This comparison chart may be followed in a manner 
as described above for other components 104, 106, 108 and 
110 of power plant 100 to determine the operational 
efficiency of each of the components relative to their 
respective ideal performance values . 
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[0027] FIGURE 4 illustrates schematically a thermal 
model 400 of the power plant 100 shown in FIGURE 1 but 
designed on a computer system 500 (Figure 5) using 
original specification documents of the power plant in 
accordance with an exemplary embodiment of the present 
invention. Exemplary power plant components of the design 
thermal model 400 include a steam turbine 402, a 
condenser 404, a cooling tower 406, a gas turbine 408, 
and a heat recovery steam generator 410. The theiimal 
model 400 is used to determine the effect of thermal 
performance of a power plant component (402, 404, 406, 
408 and 410) on the overall thermal performance of the 
power plant by substituting the designed thermal 
performance of the power plant component with its 
measured thermal performance. This process is repeated 
for each of the power plant components in order to 
determine the impact of each power plant component on the 
overall thermal performance of the power plant. In this 
manner, the entire power plant performance is reduced to 
performance of individual power plant 

components /equipment and shown in the schematic of Figure 
5. It will be appreciated that a typical combined cycle 
power plant may include other components than those shown 
herein . 

[0028] FIGURE 6 illustrates a computer system for 
designing power-plant models as in FIGURE 3 and FIGURE 4. 
The computer system 5 00 preferably includes a database 
502, a processor 504, and a storage device 506. The 
database 502, which may be a part of the storage device 
506, may be used to store data received from a plurality 
of sensors (not shown) located on one or more power plant 
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components for measuring data related to power plant 
components. The storage device may be used to store ideal 
performance values that are predetermined for each of the 
power plant components- The processor 504 may be loaded 
with application programs that may be used for processing 
various tasks performed by the computer system 500. Tasks 
performed by the computer system 5 00 may include, for 
example, designing power-plant models, determining the 
overall performance of the power-plant by substituting 
design thermal' performance data of a power plant 
component with its measured thermal performance data. 

[0029] Also, a user of the computer system .500 may 
execute an application program loaded in processor 504 
and design a thermal model of a power plant from original 
specification data of a power plant. The user may also 
determine the thermal performance of individual power 
plant components. Further, an application program may 
also be used by the user to determine the performance 
impact of a selected power plant component on the overall 
thermal performance of the power plant by substituting 
design thermal performance data with measured thermal 
performance data of the selected component. Thermal 
performance of individual power plant components and the 
performance impact of each power plant component on the 
overall thermal performance of the power plant are 
displayed on a display device 508. 

[0030] FIGURE 7 shows an exemplary high level 
flowchart 600 illustrating process steps involved in 
determining the performance impact of individual power 
plant components on the overall thermal performance of 



12 



25EA-7251 




the power plant in accordance with an exemplary 
embodiment of the present invention. At step 602, a first 
thermal model of a power plant is designed, using 
computer system 500 (Figure 6) , from the original 
specification data of each of the components of the power 
plant. A second thermal model of the power plant is 
developed from measured thermal performance data of 
individual components of the power plant as generally 
indicated at step 604. The performance impact of a 
selected power plant component on the overall thermal 
performance of the power plant is then determined by 
substituting design thermal performance data of the 
selected component with its measured thermal performance 
data as indicated at step 606. 

[0031] FIGURE 8 is a detailed flowchart corresponding 
to the flowchart shown in FIGURE 7. In addition to the 
process steps identified in Figure 7, a determination is 
made to identify whether or not the performance impact of 
all the components of the power plant on the overall 
thermal performance of the power plant have been 
determined. This is generally indicated at step 706. If 
true, the performance impact of each power plant 
component on the overall thermal performance of the power 
plant is displayed on a display device as indicated at 
step 710. The above process is repeated until the 
performance impact of all the power plant components on 
the overall thermal performance of the power plant is 
determined. 

[0032] Thus, as described above, in the case of a 
performance shortfall, the present method provides fairly 
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accurate values for corrected performance while also 
indicating as to which components of the power plant are 
responsible for the performance shortfall. The present 
method thus helps to easily make decision on maintenance, 
repair and replacement . 

[0033] Although the impact of thermal performance of 
individual components on the overall thermal perfoirmance 
of the power plant is described above, the above method 
may be applied to determine the overall thermal 

performance of a gas turbine or a steam turbine without 
deviating from the spirit and scope of the present 
invention . 

[0034] While the invention has been described in 
connection with what is presently considered to be the 
most practical and preferred embodiment, it will be 
understood that the invention is not to be limited to the 
disclosed embodiment, but on the contrary, is intended to 
cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended 
claims . 
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